Late type non-starburst galaxies have been shown to contain X-ray emitting objects, some being ultraluminous X-ray sources. We report on XMM-Newton observations of 11 nearby, late-type galaxies previously observed with the Hubble Space Telescope (HST) in order to find such objects. We found 18 X-ray sources in or near the optical extent of the galaxies, most being point-like. If associated with the corresponding galaxies, the source luminosities range from 2×10 37 erg s −1 to 6×10 39 erg s −1 . We found one ultraluminous X-ray source, which is in the galaxy IC 5052, and one source coincident with the galaxy IC 4662 with a blackbody temperature of 0.166 ± 0.015 keV that could be a quasi-soft source or a quiescent neutron star X-ray binary in the Milky Way. One X-ray source, XMMU J205206.0−691316, is extended and coincident with a galaxy cluster visible on an HST image. The X-ray spectrum of the cluster reveals a redshift of z = 0.25 ± 0.02 and a temperature of 3.6±0.4 keV. The redshift was mainly determined by a cluster of Fe XXIV lines between the observed energy range 0.8 − 1.0 keV.
INTRODUCTION
The study of external galaxies enables us to probe populations of X-ray sources absent or rare in the Milky Way. The ultraluminous X-ray sources (ULXs), which represent X-ray binaries having X-ray luminosities exceeding the Eddington luminosity for a 20 M⊙ compact object (LX ∼ > 2 × 10 39 erg s −1 ), belong to such a class. Previous studies have shown that ULXs are likely binary systems containing either an intermediatemass black hole (IMBH) accreting at sub-Eddington rates (Colbert & Mushotzky 1999; Kaaret et al. 2001; Dewangan, Titarchuk & Griffiths 2006; Farrell et al. 2009 ; ⋆ Based on observations obtained with XMM-Newton, an ESA science mission with instruments and contributions directly funded by ESA Member States and NASA. † E-mail: philip-kaaret@uiowa.edu Feng & Kaaret 2010; Pasham, Strohmayer & Mushotzky 2014) or a stellar mass black hole or neutron star with a luminosity exceeding the Eddington limit (Poutanen et al. 2007; Gladstone et al. 2009; Kawashima et al. 2012; Sutton, Roberts & Middleton 2013; Bachetti et al. 2014; Motch et al. 2014 ). Studying ULXs is, perhaps, the best available avenue to understand IMBHs and super-Eddington accretion.
We selected a sample of 11 nearby late-type galaxies that had all been observed with the Hubble Space Telescope (HST ), but that had not been previously observed with the Chandra X-Ray Observatory, the X-ray Multi-Mirror Mission (XMM-Newton), or the Swift observatory. The HST observations of the galaxies in our sample have yielded accurate, redshift-independent distance measurements, using the tip of the red giant branch (TRGB) method (e.g., Makarov et al. 2006) , that enables accurate calculation of source luminosities. Our survey sampled mostly late-type Table 1 . Description of the XMM-Newton observations. Distances are redshift-independent measurements using the tip of the red giant branch (TRGB) method (e.g., Makarov et al. 2006 ) whose values are taken from the NASA/IPAC Extragalactic Datadase (NED). The live times for each detector differ from the nominal observation time and vary with respect to each other due to background flaring effects. Galaxy morphology types were taken from NED which mainly utilizes the Third Reference Catalogue of Bright Galaxies, Version 3.9 (RC3.9). † † SFR values were estimated using Hα luminosities taken from Kennicutt et al. (2012) .
galaxies with low star formation rates. We obtained XMMNewton observations of each galaxy in order to characterize the X-ray binary population and search for ULXs. We used source detection algorithms to find X-ray sources within our XMM-Newton images and cross-checked these against possible optical counterparts in HST and/or X-ray counterparts in Chandra, thereby improving the astrometry between these instruments. For the sources that are possibly associated with our target galaxies we provide photometric flux calculations and for the brightest of these we extract spectra and fit simple models.
In Section 2, we describe the observations and analysis. In Section 3, we discuss the results of our search and describe three newly discovered X-ray sources of particular interest: a ULX, a soft X-ray source that could be a quiescent neutron star X-ray binary, and a galaxy cluster.
OBSERVATIONS AND ANALYSIS
The X-ray satellite telescope XMM-Newton observed a sample of 11 nearby late-type galaxies. These observations were taken in the period from August 2013 to January 2014 under program 72191 (PI: P.Kaaret). The observation details are given in Table 1 . All three detectors (PN, MOS1, and MOS2) that make up part of the European Photon Imaging Camera (EPIC) were used in Full Frame mode with the Medium filter. All data were processed using SAS 14.0.0 1 and the event lists were created using the most recent calibration files as of 2015 July.
Several of the observations suffered from significant flaring. In order to minimize the background, we searched for flares using the count rate in the 10−12 keV band and selected good time intervals (GTIs) based on the rate in each detector. We used the standard rates of 0.4 counts s −1 for the PN and 0.35 counts s −1 for the MOS when filtering for flaring particle background in most of our observations. For a few observations, noted below, filtering at these rates left little or no exposure, so we increased the rates used for filtering in order to increase the exposure.
1 http://xmm.esac.esa.int/external/xmm data analysis/ For each detector, we used the evselect task to create images in two energy bands: soft (0.2−2.0 keV) and hard (2.0−10.0 keV), with a pixel size of 4.
′′ 35 from events with FLAG = 0 and PATTERN 4 for the PN and PAT-TERN 12 for the MOS. We then used the source detection tool edetect chain on all 6 images (2 for each detector) simultaneously. We recorded only those sources that had a likelihood of at least 10 (∼ 4σ), where the likelihood is given by − ln p and p is calculated as the chance probability that the detected source is a random fluctuation in the Poisson distributed background. We compared the detected X-ray sources to an optical image of the field containing each galaxy in order to check the accuracy of the XMM-Newton astrometry against HST astrometry and if available Chandra astrometry.
We only discuss those sources which fall inside or are within a 30 ′′ perpendicular distance of the D25 ellipse of the galaxy. We took the D25 ellipse dimensions from HyperLeda 2 (Makarov et al. 2014) . The absorbed flux of each source was calculated from the net count rate using NASA's HEASARC WebPIMMS 3 tool assuming an absorbed power law spectrum with a photon index of 2.0 and the appropriate Galactic absorption found using the HEASARC NH column density tool 4 using the Dickey & Lockman (1990) map. WebPIMMS accounts for the type of camera and the filter used. The count rate calculated by edetect chain from the source counts and exposure time was used directly. The luminosity distance was taken to be the galaxy distance obtained from the NASA/IPAC Extragalactic Database 5 (NED). The list of detected sources is shown in Table 2 .
Using the especget tool, spectra and responses were obtained for sources in Table 2 with more than 200 total EPIC counts. The resulting spectra were binned with a minimum of 16 counts in each bin. The source regions were selected as circles with a radius of 36 ′′ , except where the radius was decreased to avoid overlapping a nearby source as noted below. The background regions Notes. Columns 1-5: source number, galaxy name, source coordinates in degrees (J2000), and positional statistical errors in arcseconds. Columns 6-7: count rates in the PN and the combined rates for all three detectors in counts s −1 . Column 8: Galactic absorption column density in 10 20 cm −2 . Column 9: unabsorbed PN fluxes (assuming a power law with Γ = 2.0) in 10 −13 erg cm −2 s −1 for the energy band 0.2−10.0 keV. Column 10: unabsorbed Luminosity in the 0.2−10.0 keV band in units of 10 37 erg s −1 , assuming the distance to the galaxy as luminosity distance. Column 11 denotes whether the source is inside the D 25 ellipse boundary of the galaxy ('yes') or within 30 ′′ of the D 25 ellipse ('no').
were chosen to be circular with no detected sources, with a radius of at least 100 ′′ , and were located on the same chip as the detected source. The spectral fitting program XSPEC v12.8.1 (Arnaud 1996) was used to fit models using χ 2 -statistics. The extracted spectra for the PN and both MOS detectors were simultaneously fitted with a power law model subject to photo-electric absorption (with Wisconsin cross-sections; Morrison & McCammon 1983) . We chose a power law as our initial model as we expect these objects to be X-ray binaries, which typically exhibit power law spectra. The results of power law fitting are given in Table 3 and shown in Fig 2. We find that this model adequately describe these spectra. The fluxes from XSPEC are larger than those from WebPIMMS since we used only the Galactic absorption coefficient for the WebPIMMS calculation without accounting for intrinsic absorption.
In the following, we provide notes on the analysis and results for each individual galaxy. We make note of any known X-ray or optical counterparts with the goal to cross check the astrometry across instruments.
IC 5052
The XMM-Newton observation of IC 5052 showed no significant background flaring, and so no flare filtering was applied to the EPIC data. We compared the 100 detected X-ray sources in the XMM-Newton field of view to an optical image and found an X-ray source to be within 0.
′′ 6 of the star CD-69 1954 (source: SIMBAD 6 ). The field of a Chandra observation partially overlaps the XMM-Newton field, but 6 http://simbad.u-strasbg.fr/simbad/ does not include the galaxy. Four Chandra sources fall within the XMM-Newton field. One Chandra source with good location accuracy matched within 1.9
′′ of an XMM-Newton source. The others have large positional errors or were not detected with XMM-Newton. Based on the positional errors of the coincident Chandra source and the catalogued star CD-69 1954 with respective XMM-Newton sources, we conclude that the XMM-Newton astrometry is accurate within 2
′′ . An HST image of IC 5052, taken with the ACS/WFC using the F606W filter on 2003 December 14 (PI: de Jong), was compared with the XMM-Newton image, matching astrometry with XMM-Newton sources within centroid positional errors, < 1.5
′′ .
An X-ray image of the galaxy is shown in Figure 1 . Two sources are inside the D25 ellipse and three are overlapping, with their centroids outside the D25 region. One of the sources outside the galaxy is extended with a measured extent of 31.8
′′ . The source extent is defined as the Gaussian sigma or beta model core radius. This source is discussed in section 3.3.
The two sources within the galaxy appear to be point like, each with an extent of less than 6
′′ . The flux of source 1 calculated using WebPIMMS corresponds to an unabsorbed luminosity of (2.87±0.05) × 10 39 erg s −1 . Thus, we classify it as a ULX. This source is discussed further in section 3.1.
The extraction region for source 2 was chosen to have a radius of 19.7
′′ to avoid overlapping the extended source. Spectral fitting in the 0.2−10 keV band provided a power law photon index of 2.0 ± 0.2 and an unabsorbed luminosity of (1.09 ± 0.17) × 10 39 erg s −1 (see Table 3 for more details). Table 3 . Green, black and red data points are PN, MOS1, and MOS2 data, respectively. Left: Power law spectrum of Source 1 from IC 5052. Middle: Power law spectrum of Source 2 from IC 5052. Right: Power law spectrum of Source 9 from ESO 154−G023.
UGCA 442
There was significant flaring in the PN, reducing its usable live time from 19.9 ks to 7.8 ks. The MOS suffered much less flaring, resulting in 18.4 ks of good observation time. An X-ray source was found to be within 2. ′′ 4 of the star CD-32 17640, which is within the positional error of XMMNewton. There was only one source detected inside the D25 ellipse. It appears to be a point source with fewer than 100 counts. Assuming an absorbed power law model with Γ = 2.0, we calculated an unabsorbed luminosity of (2.4 ± 0.1) × 10 37 erg s −1 .
NGC 4605
There was strong flaring in the PN which required us to increase the PN rate filter to 1.0 counts s −1 and thereby reducing its usable observation time to only 500 sec. An X-ray source was found to be within 1.
′′ 1 of QSO B1236.6+6200. There was also a source detected inside the D25 ellipse, with another source extending partially into the region. Both ap- 
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Notes. kT in is the temperature at the inner disk radius in keV. Γ is the power-law photon index. N H is the absorption column density in 10 22 cm −2 . The energy range over which the flux and luminosities are calculated is 0.2−10.0 keV. f X is the unabsorbed flux in units of 10 −13 erg cm −2 s −1 . L X is the unabsorbed luminosity in units of 10 39 erg s −1 , taking the distance to the galaxy as luminosity distance. Errors are quoted at 90% confidence level.
pear to be point sources with fewer than 50 counts and likelihoods above 13. We calculated, for the source inside the D25 ellipse, an unabsorbed luminosity of (3.6±1.1)×10 38 erg s −1 .
ESO 154-G023
There was large flaring in all three detectors, thus we increased the filtering rates to 1.0 counts s −1 for the PN and 0.5 counts s −1 for the MOS. This resulted in usable observation times of only 2.8, 6.7, and 6.8 ks for the PN, MOS1, and MOS2, respectively. An X-ray source was found to be within 0.
′′ 5 of ultraviolet source GALEXASC J025627.19−543358.3. There were four sources detected inside the D25 ellipse. All are point sources. Source 9 is the brightest with 354 net counts and has an unabsorbed luminosity of (4.8±0.5)×10
38 erg s −1 in the 0.2−10.0 keV energy band calculated the WebPIMMS tool. The fit of a power-law model to the spectrum of Source 9 in the 0.6−5.0 keV energy band gave a photon index of 1.8 +0.7 −0.5 and an unabsorbed luminosity of 1.0 +0.9 −0.3 × 10 39 erg s −1 (full details in Table 3 ).
IC 4662
There was no significant flaring in any of the CCDs. An Xray source was found to be within 2. ′′ 0 of the star CD-64 1144. There was only one source (Source 13) detected inside the D25 ellipse. It appears to be a point source with more than 250 counts, all detected below 2.0 keV. This source is discussed in section 3.2.
ESO 383-G087
There was strong flaring in the PN, reducing its usable observation time to 7.1 ks after increasing the rate filtering threshold to 0.75 counts s −1 . An X-ray source was found to be within 0.
′′ 9 of the star CD-35 9030. There was one source detected inside the D25 ellipse with another source extending partially into the region. Both are point sources with close to 100 and 150 counts respectively. We calculated, for the source inside the D25 ellipse, an LX value of (3.1 ± 0.7) × 10 37 erg s −1 . The other source had an unabsorbed luminosity of (4.8 ± 0.9) × 10 37 erg s −1 .
NGC 5264
There was one small window of significant flaring in each CCD. An X-ray source was found to be within 0. ′′ 2 of the star HD 119136 (source: SIMBAD). There was only one source detected inside the D25 ellipse. It appears to be a point source with almost 100 counts and a likelihood of 21.8. We calculated an LX value of (8.5 ± 1.5) × 10 37 erg s −1 .
NGC 1311
There was strong flaring in all three detectors and we increased the PN rate filtering threshold to 1.0 counts s −1 . An X-ray source was found to be within 1.
′′ 9 of the ultraviolet source GALEXASC J032052.52−520803.7. There was one source detected inside the D25 ellipse, with another source extending partially into the region. Both are point sources with fewer than 100 counts. For the source inside the D25 ellipse (Source 17), we calculated an unabsorbed X-ray luminosity of (3.6 ± 1.4) × 10 38 erg s −1 . The other source had an unabsorbed luminosity of (8 ± 2) × 10 37 erg s −1 .
RESULTS AND DISCUSSION
Using XMM-Newton data, we found 12 X-ray sources within 8 galaxies in a sample of 11 galaxies observed for this study. The photometric X-ray luminosities of the sources vary from 0.024 − 5 × 10 39 ergs −1 in the 0.2 − 10 keV energy range. Table 2 further summarizes the results of Section 2. In the following sections, we present more detailed results for three objects found within our observations; a ULX in IC 5052, a soft X-ray source in IC 4662, and a galaxy cluster near IC 5052.
Survey results and a ULX in IC 5052
The number of high-mass X-ray binaries found in a galaxy is proportional to the host's star formation rate (SFR; Grimm et al. 2003) . Using the X-ray luminosity function (XLF) measured for normal metallicity galaxies (Mineo et al. 2012) and taking the sum total of the SFRs for all of the galaxies in our sample (see Table 1 ), we can detemine the expected number of sources, N , above a minimum luminosity Lmin. Following Brorby, Kaaret and Prestwich (2014) and taking Lmin = 2×10 39 erg s −1 , we find N = 0.11. We found one ULX in our sample, which is consistent.
The brightest source in IC 5052 is the only ULX identified in this survey. The ULX has a total of 5400 net counts from all three detectors. We name the source XMMU HST image of IC 5052 X-1 obtained with the ACS/WFC using the F606W filter. The ULX is contained within the 2 ′′ radius of the positional error circle (red). We are unable to determine a unique optical counterpart to the X-ray source.
J205216.9−691316 = IC 5052 X-1. We searched for an optical counterpart within the ACS/WFC HST image (see Figure 3) . No unique optical counterpart can be identified. This may be due to absorption effects given that we see the galaxy edge-on. We extracted spectra for IC 5052 X-1 as described in Section 2 and fitted an absorbed power law (see Table 3 . The F-test gives a probability of 0.013 which indicates that it is reasonable to add this second component to our model, though it is not a strong improvement to our fitting. A single component model of a disk blackbody on its own without a power law resulted in a poor fit with χ 2 /d.o.f. = 406.10/303. Winter et al. (2006) discovered a bimodality in ULX temperatures where the population of ULXs tended to cluster around disk temperatures of kTin = 0.1 and 1.0 keV, leaving few with disc temperatures of about 0.5 keV. They suggested that this bimodality arises from a difference in the nature of the compact object. For lower disc temperatures, the object is a candidate IMBH. For higher temperatures, a candidate stellar mass BH is proposed for the object. IC 5052 X-1 lies at the high temperature end of the IMBH candidate range.
A soft source in IC 4662
The spectrum of the X-ray source found in IC 4662 contained more than 250 counts, but extended only up to 2 keV, indicating a soft source. We name the source XMMU Table 4 . Best fitting parameters for the spectrum of the soft X-ray source IC 4662 X-1 and the ULX IC 5052 X-1.
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Notes. Row 1-2: XSPEC absorption/continuum models; Rows 3-8 : Model parameters: N H is the absorption column density in 10 20 cm −2 , Γ is the power-law photon index, kT is the temperature in keV, f X is the unabsorbed flux in units of 10 −14 erg cm −2 s −1 for the range 0.5−2.0 keV for IC 4662 X-1 and in units of 10 −12 erg cm −2 s −1 for the range 0.2−10.0 keV for IC 5052 X-1. L X is the unabsorbed luminosity in the 0.5−2.0 keV band in units of 10 37 erg s −1 for IC 4662 X-1 and in the 0.2−10.0 keV band in units of 10 39 erg s −1 for IC 5052 X-1. Errors are quoted at the 90% confidence level. For the powerlaw and blackbody models of IC 4662 X-1 and one of the TBABS components of IC 5052 X-1, N H was set to the column density along the line of sight in the Milky Way.
J174709.9−643812 = IC 4662 X-1. Spectral fitting was done in the 0.5−2.0 keV band with power law and blackbody models, each subjected to the WABS interstellar absorption model. The spectrum is shown in Figure 4 and the fit results are presented in Table 4 . The powerlaw and blackbody models provided adequate fits with no absorption beyond that along the line of sight in the Milky Way. We examined an HST image taken on 2005 October 15 with the ACS/HRC (PI: Vacca) that covered the region, but there is no obvious single counterpart such as a bright, foreground star. The low temperature of the blackbody fit, kT ∼ 0.2 keV, could suggest a neutron star in quiescence. The Galactic latitude is b = −17.8. A distance of 10 kpc would give a luminosity of 6 × 10 32 erg s −1 , consistent with known quiescent X-ray binaries containing a neutron star (Gendre et al. 2003) . Using the bbodyrad model in XSPEC to fit the spectrum, we found a normalization of Table 5 ; colors are the same as Figure 2 ). We have added labels for emission lines that are expected to be most prominent given the temperature and redshift from the best fit APEC model parameters. Notes. Row 1 : XSPEC model. Rows 2-9 : Model parameters: N H is the absorption column density in units of 10 20 cm −2 , kT is the temperature in keV, Norm is the normalization parameter in units of 10 −4 cm −5 , f X is the unabsorbed flux in units of 10 −13 erg cm −2 s −1 for the energy range 0.5−7.0 keV, L X is the unabsorbed luminosity in the 0.5−7.0 keV band in units of 10 43 erg s −1 . Errors are quoted at the 90% confidence level. Luminosity figures are calculated using Wright (2006) . Super-soft sources produce most of their emission below 1 keV and have typical luminosities of 10 36−38 erg s −1 . Their spectra are usually fitted with a blackbody model with a temperature < 100 eV (Di Stefano et al. 2004 ). Quasisoft sources (QSSs) have similar properties, but their spectra show higher temperatures, in the range 100−350 eV, when fitted as a blackbody. When fitted as a powerlaw, they have steep photon indices around 3 or higher. Our measured values are consistent with these ranges. Also, assuming the source lies within IC 4662, both models give LX ∼ 4 × 10 37 erg s −1 . Thus, our source could be classified as a QSS. The physical nature of QSSs is still unknown, and Di Stefano et al. (2004) suggests three possibilities: nuclear burning white dwarfs, intermediate mass black holes, and supernova remnants.
A Galaxy Cluster near IC 5052
We found an extended X-ray source near the galaxy IC 5052. Hereafter, we refer to the source as XMMU J205206.0−691316 or J2052. The flux from J2052 did not show any time variation over the observation. We overlayed the X-ray contours of this source on an HST image taken using the ACS/WFC with the F606W filter (2003-12-14 ; PI: de Jong), see Figure 1 , and found that it coincides with a group of galaxies. This proposed galaxy cluster has not been previously catalogued.
Identification of the source as a galaxy cluster suggests that the X-ray emission is due to a hot, thermal plasma. We fitted the spectrum using the thermal APEC model (Smith et al. 2001) , describing emission from collisionally-ionised diffuse gas calculated using the atomic database (ATOMDB) code 7 , subject to absorption modeled using WABS. We allowed the cluster redshift and abundance to vary. The best fitting spectrum is shown in Figure 5 and the parameters are given in Table 5 . The fitted redshift is determined from emission lines present in the spectrum, the strongest of which are a cluster of iron lines near 1 keV. We also fitted the spectrum using the MEKAL model (Mewe, Gronenschild, & van den Oord 1985) and found very similar results.
Based on the fitted redshift values from the APEC (z = 0.25±0.02) and MEKAL (z = 0.24±0.02) models, we determined the comoving radial distance (dr), luminosity distance (dL) and angular size distance (d θ ) to the cluster using Ned Wright's Javascript Cosmology Calculator (Wright 2006) ′′ . For this distance, the cluster's radius of 31.8 ′′ gives a linear radius r = 130 kpc. From the luminosity distance, we find an X-ray luminosity of (6.1 ± 0.2) × 10 43 erg s −1 for the energy range 0.5−7.0 keV. In the 0.2 − 10 keV range we calculate a luminosity of (7.3 ± 0.5) × 10 43 erg s −1 . The APEC normalization parameter is defined as:
where ne and nH are, respectively, the electron and hydrogen number densities in cm −3 and V = dV is the X-ray emitting gas volume. Assuming it to be spherical, V = (4/3)πr 3 = 2.7 × 10 71 cm 3 . From the normalization of the APEC fit, assuming ne = nH, we find nH = 0.0042 cm −3 for the X-ray emitting plasma. Additionally, by using M = nHmHV , where mH is the hydrogen mass value, we can estimate the mass of the X-ray emitting gas to be M = 9.6×10
11 M ⊙ . If we take into account that the cluster's extent radius of 31.8
′′ is a characteristic profile radius that encloses 71 per cent of the mass, then the X-ray emitting gas may have a mass as large as M = 1.4 × 10 12 M ⊙ . Since the R500 of the cluster is likely larger than the radius of the extraction region used, the X-ray luminosity and mass calculations likely underestimate the true values.
CONCLUSIONS
Surveys have been an essential part of astronomy since its beginning. They are necessary to identify new classes of objects and to accumulate samples of known classes. We conducted a relatively modest X-ray survey of 11 nearby latetype galaxies with the primary goal being the identification of new ULXs. We found one ULX, which is located in IC 5052. This new ULX lies at the high temperature end of the sub-class of ULXs with spectra fit with cool, kT ∼ 0.1 keV thermal emission. Further studies, particularly on its spectral variability, could help elucidate the physical nature of this source and might help to shed light on the nature of that sub-class of ULX.
Beyond our search for ULXs, we identified a new soft X-ray source coincident with IC 4662. This source may be a quasi-soft source in that galaxy or a quiescent neutron-star in the Milky Way. An improved localization enabled by a future Chandra observation, followed up by the identification of its optical counterpart could allow us to distinguish between these two possibilities. We also discovered a new cluster of galaxies located near IC 5052. Fitting the X-ray spectrum suggests a redshift of z = 0.25 ± 0.02.
